ABSTRACT. Renal mixed tumor characterized by the absence of nephrogenic blastema and the presence of predominant osteoid-producing osteoblast-like cells occurred in the kidney of a 6-month-old, hybrid, female pig. At the post-mortem examination, the tumor was found as a calcified grayish-white mass at the cranial end of the left kidney. Histologically the tumor consisted of 3 growth areas of poorly differentiated spindle cells, osteoid-producing osteoblastlike cells, and luminal epithelial cells. Transition from the spindle cells to the osteoblast-like cells or the luminal epithelial cells was observed. Immunohistochemically, the spindle cells and the osteoblast-like cells were consistently positive for β-catenin. Although the luminal epithelial cells and adjacent spindle cells were positive for cytokeratin, these 3 types of tumor cells were consistently negative for WT1. The tumor was diagnosed as primary renal mixed tumor characterized by marked proliferation of osteoblast-like cells with osteoid formation.
Mixed tumors contain two or more neoplastic tissue components and are considered to be derived from pluripotential cells that have the ability to differentiate into multiple directions [9] . In pigs, nephroblastoma is known as the most common primary renal tumors, however, little is known of mixed tumor other than nephroblastoma [6] . We encountered a rare case of mixed tumor characterized by mesenchymal cell growth with osteoid and epithelial cell growth with luminal structure. In humans, ossifying renal tumor of infancy (ORTI), a rare benign pediatric renal tumor, has been described by the histological characteristics of marked osteoid formation, osteoblast-like cells and spindle cells, which resembled the present case closely [5, 7, 14, 15] . In dogs, sarcomatoid renal cell carcinoma (SRCC) also showed similar histological future of sarcomatoid tissue with osteogenic differentiation [16] . In this report, a rare case of swine mixed tumor we encountered is distinguished from swine ordinary nephroblastoma at the histological and immunohistochemical aspects, and discussed about the histological similarity with ORTI and SRCC.
A 6-month-old, hybrid, female pig was slaughtered at the Kanagawa meat center. No abnormalities were observed at the ante-mortem inspection. At the carcass inspection, a grayish-white mass, 5.0 × 3.5 × 2.0 cm, which was odd-shaped with multiple millet seed-sized, calcified nodules on the surface or cross-section, was found at the cranial end of the left kidney (Fig. 1) . The tumor lacked a capsule but the border between the mass and adjacent renal tissue was relatively clear. Small hemorrhagic foci were dispersed in the mass. No neoplastic lesion was recognized in the other organs. Tissue samples were fixed in 10% neutral-buffered formalin and were embedded in paraffin wax. A portion of calcified samples was decalcified in 10% Na2EDTA for several days before embedding. Four-µm sections were cut and stained with hematoxylin and eosin (HE). For immunohistochemical examination, a polymer method (EnVision System-HRP; Dako, Tokyo, Japan) was used on deparaffinized sections with primary antibodies, including mouse monoclonal anti-human cytokeratin (clone AE1/AE3; Dako), mouse monoclonal anti-human epithelial membrane antigen (EMA, clone E29; Dako), mouse monoclonal anti-human β-catenin (clone 14/β-catenin; BD Transduction Laboratories, Lexington, KY, U.S.A.) and rabbit polyclonal anti-human WT1 (clone C-19; Santa Cruze Biotechnology, Dallas, TX, U.S.A.). Before incubation with primary antibodies, deparaffinized sections were pretreated with microwave heating in Tris/EDTA buffer (pH9.0) for 20 min at 90°C. Polymer reagent (Peroxidase-labeled polymerconjugated to goat anti-mouse and anti-rabbit IgG) was used as secondary antibodies. The reaction products were visualized by 3,3′-diaminobenzidine tetrahydrochloride (Dako) and the sections were counter-stained with hematoxylin. As a positive control for immunostaining of WT1, we used paraffin sections of a swine nephroblastoma.
Histologically, the mass was mainly composed of 3 growth areas of poorly differentiated tumor cells, osteoblast-like cells with osteoid of varying size, and epithelial cells forming the luminal structures. Although the proportion of these components varied by site, the area of osteoblast-like cells with osteoid accounted for the largest portion of the tumor, whereas the epithelial cells occupied the smallest area. The poorly differentiated tumor cells were round to spindle shaped with round to oval nuclei containing distinct nucleoli, and small amount of eosinophilic cytoplasm (Fig. 2a) . Mitotic figures were noted often in the poorly differentiated tumor cells (12 mitoses in 10 consecutive high power fields). The atypical osteoblast-like cells were polygonal shaped, and had abundant basophilic cytoplasm. They proliferated in insular or dense reticular pattern and surrounded the osteoid (Fig. 2b) . The form and amount of osteoid was highly variable. Transition from the poorly differentiated tumor cells to the osteoblast-like cells was observed.
The epithelial cells of the luminal structures were cuboidal to columnar and showed anisokaryosis, karyomitosis (Fig. 2c) . The luminal epithelial cells were scattered among the dense sheet of poorly differentiated tumor cells, or predominated in some areas. They were apparently distinguished from the pre-existing glomeruli and renal tubules involved by the presence of their cytological atypia. Transition from the poorly differentiated tumor cells to the luminal epithelial cells was also observed.
Immunohistochemical examination showed that the poorly differentiated tumor cells and osteoblast-like cells expressed β-catenin in the cytoplasm and the nuclei, and the renal tubular epithelium showed positive reaction to the β-catenin in the cytoplasmic membrane (Fig. 3a) . The luminal epithelial cells and some of poorly differentiated tumor cells were positive for cytokeratin (Fig. 3b) . EMA was expressed in the cytoplasm of the osteoblast-like cells but not in the luminal epithelial cells and the poorly differentiated tumor cells (Fig. 3c) , while adjacent renal tubular epithelium showed positive reaction in the cytoplasmic membrane ( Fig. 3c; inset) . On the other hand, any of the tumor cells were consistently negative for WT1 although the nuclei of some pre-existing podocytes were positive (Fig. 3d) . In one case of nephroblastoma used as a positive control, the nuclei of neoplastic blastemal cells were often positive for WT1 ( Fig. 3d; inset) . Immunoreactivity of individual components in tumor tissue is summarized in Table 1 . Histological and immunohistochemical findings showed that the 3 types of neoplastic cells as poorly differentiated tumor cells, osteoid-producing osteoblast-like cells and atypical luminal epithelial cells, the present case was diagnosed as primary renal mixed tumor. The differential diagnosis included nephroblastoma, SRCC and ORTI.
Nephroblastoma is the most frequently observed renal neoplasms of the pig, accounting for approximately 40% of all porcine neoplasia [12] . The tumor is a triphasic mixture of embryonic epithelium (glomerular buds and tubules), metanephric blastema and myxomatous mesenchyme in various amounts [11] . Nephroblastoma appeared similar to the present case in that both tumors contain the cellular components of both epithelial and mesenchymal origin [2, 15] . However, this case was lack of blastemal cells that represent their characteristic morphology with oval or round, hyperchromatic nuclei and scant cytoplasm [2, 4] , and their positive staining for WT1 [2, 3] . These results indicate that the poorly differentiated tumor cells are clearly distinct from the metanephric blastemal cells included in nephroblastoma.
Renal cell carcinoma (RCC) is a malignant epithelial tumor without embryonal differentiation. Histologic types of RCC seen in animals are solid, tubular, papillary or cystic (multilocular cystic) and one of the most common histologic characteristics is a mixture of these various cell types. Sarcomatoid features can be found rarely in RCC and when seen there is an obvious transition from one of the epithelial patterns into a spindle cell tumor with high cellular and nuclear density [11] . In dogs, SRCC with osteogenic differentiation was reported and closely similar to the present case in that both tumors were composed of sarcomatoid tissue made up of spindle cells, polygonal cells with an abundant osteoid matrix and atypical epithelial cells [16] . In the report, neoplastic epithelial cells were organized to form papillae and the same degree of reactivity was observed for cytokeratin in papillary structures, as well as in mesenchymal tumor cells, indicated the transition from epithelial neoplastic cells to mesenchymal tumor cells. Likewise, in the present case, the positive reaction to the cytokeratin shown in some poorly differentiated tumor cells represented the epithelial origin of this tumor cells and the mesenchymal components such as the poorly defferentiated tumor cells were considered to be generate from neoplastic epithelial cells, presumably as a consequence of dedifferentiation. Hence, the present case is likely to be SRCC. Marked osteoid formation by the osteoblast-like tumor cells was a notable histological feature of the present case. Ossifying lesion is rarely seen in nephroblastoma [11] , but little is known of the description of osteoid formation as much as seen in the present case. Meanwhile, ORTI, defined as an intracalyceal mass composed of osteoid trabeculae, osteoblast-like cells and a spindle cell component, arising from, and attached to the medullary pyramid, also shows marked osteoid formation, and transition of spindle cells to osteoblast-like cells with osteoid which expressed EMA [5, 7, 14, 15] , as seen in the present case. However, the luminal epithelial cells present in ORTI are not considered to be neoplastic cells. Since the present case is composed of malignant epithelial component and osteosarcoma-like mesenchymal component, it is considered different from ORTI.
Beta-catenin plays an important role in cell adhesion as a cadherin lining protein in the cell membrane and is an essential effector of the Wnt signaling pathway [1] . The Wnt signaling pathway is not only widely involved in the control of embryogenesis, it is also involved in the hereditary deseases and development of tumors [13] . Recently, β-catenin is known to promote transformation of mesenchymal cell into osteogenic cells [10] , and to be deeply involved in tumorigenesis [8] . In the present case, also, β-catenin may play a role in marked osteoid formation and development of this tumor. In fact, the poorly differentiated tumor cells were positive for β-catenin and showed morphological transformation ino the osteoblast-like cells.
Although, the malignant features such as high mitotic index and atypia in the luminal epithelium were seen in the present case, it was difficult to assert that this tumor is malignant because there were no metastasis and invasion. 
